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respect to the investor's risk tolerance function. The prob- 
ability density function expresses the dispersion of risk 
preferences that the investor would experience as a result of 
the investment allocation. Investment funds are allocated to 
the investments of the portfolio by maximizing the expected 
value of the probability density function of the investor's 
probability preferences within a rich environment of pos- 
sible parameters 
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This application is a continuation of Sen No. 09/042,592 
filed on Mar. 16, 1998 now U.S. Pat. No. 6,078,904 of 
George J. Rebane Cosner entitled "Risk Direct Asset Allo- 
cation and Risk Resolved CAPM for Optimally Allocating 
Investment Assets in an Investment Portfolio", the entire to 
disclosure of which is hereby incorporated by reference 
including the microfiche appendix attached thereto, as if set 
forth in its entirety herein. 

MICROFICHE APPENDIX 15 

This application includes a microfiche appendix, includ- 
ing 1 sheet of microfiche and a total of 36 frames. 



1. INVENTOR 



George J. Rebane 



that once established, this 'sigma' is applied uniformly to all 
investors independent of the amount they intend to invest or 
their individual aversion to the possible loss of investment 
assets. Thus the CAPM has a very egalitarian view of risk, 
and treats all investors equally, regardless of their total 
investment assets available for investment and net worth. 
The levels of risk and the concordant performance of a set 
of risky securities are quantified by their covariance matrix 
usually computed from specified historical data. 

Suppose we have a candidate portfolio of N risky secu- 
rities S,-, i^l,N]. We select a past performance epoch T^ 
and compute the symmetrical NxN covariance matrix [5] for 
the securities as 



2. BACKGROUND 

2.1 Field of Invention 

The invention relates generally to the field of methods and 25 
software products for financial analysis risk management, 
and more particularly to methods and software products for 
investment portfolio design and the selection, analysis of 
investments and the allocation of investment assets among 
investments. 30 

2.2 Background of the Invention 
2.2.1 CAPM & CML Background 

In this section we present sufficient background of the 
Capital Asset Pricing Model (CAPM) and the Capital Mar- 
ket Line (CML) to establish the departure points for deri- 35 
vation of the present invention: Risk Direct Asset Allocation 
(RDAA) and Risk Resolved CAPM (RR/CAPM). A com- 
plete tutorial on modern asset allocation methods, particu- 
larly the CAPM and the related Arbitrage Pricing Theory, 
may be found in any one of a number of good texts on 40 
corporate finance [4] (A bibliography of reference is found 
at the end of this disclosure). 

The practical application of any quantitative method of 
portfolio design based on securities' covariance requires the 
selection of a 'short list' of N risky stocks or other securities. 45 
Several studies have shown that the investor begins to gain 
"almost all the benefits of (portfolio) diversification" at 
N^8, "virtually no risk reduction'* for N>15 [14], and 
measurable liabilities increasing beyond N=30 [15]. The 
nomination of the short list may be approached as a formal 50 
problem in multi-attribute utility [1]. We proceed here with 
a specified candidate set of N risky securities whose singular 
utility to the investor is their ability to contribute to a 
successful portfolio design. 

The motivation for going beyond the CAPM, with its 55 
ever-present companion query as to "whether variance is the 
proper proxy for risk" [21], is in the answer that variance is 
only the progenitor of risk and not its final measure. 
Between the two there is a road, unique to each investor, to 
be traveled that lets us individually answer the question 60 
"how much of each of the N securities should I — not he and 
not she — buy and/or hold?" This question is answered by the 
present invention. 

2.2.1.1 Risk 

In the CAPM risk is measured by the rate performance 65 
dispersion of a security as expressed by its historical rate 
standard deviation. A primary problem with the CAPM is 



cov S-E{(&-if)(s- i g) r } 



0) 



where s is the rate of return (column) N-vector of the 
securities and # is the vector of mean or expected returns 
computed over a past epoch Tp £ where 



20 



(2) 



We now allocate a portfolio fraction to each of the N 
securities with the elements of J; summing to one. The total 
rate of return variance of such a portfolio is then given by 



o/CD=f r cov SI 



(3) 



which shows the dependence of the portfolio's return vari- 
ance on the allocation vector j\ In modem portfolio theory 
[4] it is a(£) from (3) that gives the uniform measure of 
portfolio risk for all investors, and thus constrains CAPM to 
treat all investors equally. 

The expected rate of return for each risky security over the 
investment horizon (T ( ) is predicted on the basis of its beta 
(p) computed with respect to 'the market' (e.g. S&P500) as 
follows. 



cr-A, cov(5 L , R M ) 
Pi = 5 = 2 



(4) 



The familiar beta is further represented as the slope of a 
straight line relationship between market variation and the 
security in question. The frequently omitted alpha (a) 
parameter defines the intercept of the least squares regres- 
sion line that best fits a set of security and market return 
rates. A method for predicting a stock's price A M from a 
prediction of market performance ft^ over T, then yields 



(5) 



The classical CAPM formula for [4] generates the 
Security Market Line 



s; - Ruf + fa x (historical market risk premium) 
= Rgf +fii[Ru - Rrf) 



(6) 



where R^ is the current risk free lending rate (the historical 
market risk premium has been calculated at 8.5%) and A M 
is the expected return on the market over the investment 
horizon. 

Keeping in mind the ability here to use other predictive 
security return models, in the remainder we will use the 
more straightforward (6) for predicting the performance of 
a security and understand the quoted 'sigma' (standard 
deviation) of such a security to derive from the regression fit 
of K points [5] over T PE . 
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solving the constrained non-linear optimization problem 

m P1M. 



= arg max 



(11) 



Combining a security's expected rate of return and its 
standard deviation then yields the needed parameters for its 

assumed probability density function (p.d.f.) which fully which yields R^Cf *) and a £ *(f*) from (9) and (3) respec- 

characterizes the performance of the individual security with tively. 

respect to the specified future performance of the market ft^ 10 The resulting (fractional) portfolio design J> is finally 

over T,. determined from 

For the RR/CAPM and RDAA developments below we — 

additionally acknowledge an uncertain future market and RF ( ' 

express this by its variance a M 2 to reflect the dispersion by appropriately selecting j^. 

about the predicted mean return & M . This additional uncer- 15 The Capital Market Line is presented as the efficient set 

tainty will be reflected in a given security's 'sigma' to yield of both risky and risk free investments and culminates the 

its total standard deviation as CAPM's efforts at defining a portfolio by leaving the inves- 
tor with yet another infinite set of options from which to 

0f r.rv' 0f i'*fc M . ( 8 ) choose. At this point the CAPM simply asks the investor to 

20 apply his/her own method for picking , or as stated in [4]: 

2.2.1.2 The Feasible and Efficient Sets ... . . n . 4l _ . . t1 _ , . c 
„ t - , A r., . iLi . - Her position in the nskless asset, that is, the choice of 
From corporate finance texts 141 we team that a set oi , r /^wtw u * . u ■ j * a 

. . . ry where on the (CML) line she wants to be, is determined 

points termed the feasible set can be represented in 2-space , , . . V 1I _ / 4 • « . . . u *i •* * 

r , A , iC .. . a . i *i j mrf i\ °y ner internal charactenstics, such as her ability to 

where expected portfolio return R P is plotted (FIG. 1) tolerate risk " 

against the standard deviation s. of the portfolio given in (3). « tl paiih a j j- i i 

* , A • « l j j The CAPM offers no guidance of any analytical method tor 

The expected reU.ni of the nsky portfolio allocated accord- determinin each allocation of j BVesbaettl assets 

ingtoXrssunply on the CML. 

We note that during the course of the CAPM solution 

R P = Y f t s- ^ cre ^ ^ cen no discussion of actual cash amounts to be 

P if 1 ' 30 invested. The presumption being ail along that, however 

finally obtained, the risky portfolio fractions f# would apply 
equally to billionaires and blue collar workers. This assump- 
The efficient set is defined as the upper boundary of the ^ ^ Ms t0 recognize that individual investors have 
feasible set drawn upward from the 'minimum variance distinct risk preferences that are intimately tied to their 
point' (MVP) since it is not reasonable to choose portfolios 35 overall investment assets and net worth, and that as a result, 
with the lesser expected gains for the same 'risk' as mea- would different allocations of their investment assets, 
sured by the portfolio's o> Therefore, according to the Accordingly, it is desirable to provide a computer imple- 
CAPM the optimal portfolios are all represented by the m ented method and software product that accounts for 
infinite set of optimal allocation vectors {X*} that define this individual investor risk preferences as a function of the 
upper boundary. The CAPM proceeds to resolve the problem 40 individual investor's financial profile, and thereby deter- 
further by introducing the risk free lending option which mines for a given portfolio of investments (i.e. short list), the 
gives rise to the Capital Market Line. optimal allocation of the investor's assets, or any portion 

2.2.1.3 The Capital Market Line thereof, among the investment assets. 
As shown in FIG. 1, when we introduce the risk free 

lending option at rate R^, we add the (N+l)th instrument 45 3 - SUMMARY OF THE INVENTION 

and increase the dimension of the investor's decision space The present invention, the Risk Direct Asset Allocation 

to N. The CAPM argues that the optimum portfolio now lies and Risk Resolved CAPM, overcomes the limitations of 

along a line — the Capital Market Line (CML) — that origi- conventional portfolio design methods including the CAPM, 

nates from (0, R^) and is tangent to the efficient set at some and software products by determining for an individual 

point E for which a unique .£* can be discovered. Selecting 50 investor that investor's risk tolerance function and selecting 

a point between (0, R^) and E defines what fraction should a monetary allocation of investment assets according to both 

be invested risk free with the remainder being invested pro the risk tolerance function, and quantifiable risk dispersion 

rata at f *. Points closer to E represent a larger fraction going characteristics of a given allocation of investment assets in 

into the risky portfolio of N stocks. the portfolio. Generally RDAA and RR/CAPM are based on 

We note that the computation of the efficient set per se is 55 integrating key elements of modern utility, securities 1 per- 

not required for the solution off*. As seen from FIG. 1, it formance prediction, and optimization theories (see, e.g., 

is clear that if the slope of the CML is maximized within the [1]j[2],[3]) that relate to risk averse behavior in matters of 

constraints that f is a fraction vector whose elements sum to monetary uncertainty. 

unity, then we would automatically obtain point E and the 3.1 Investor Utility and Probability Preference Curves 

resulting CML. The needed slope is given by 60 In accordance with one embodiment of the present 

invention, a risk tolerance function ("RTF") of the individual 

H E {£) - Rftp (10) investor is determined. The risk tolerance function describes 

tan * =! erst/) tne investor's probability preferences at each of the number 

of monetary amounts relative to the investor's total assets. 
65 More specifically, at a given monetary amount A, the risk 

where K E and o E are the coordinates of E which depend on tolerance function for an investor defines the probability 

J\ The optimal risky fraction is then obtained directly by PP(A) at which the investor is indifferent between 1) receiv- 
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ing the monetary amount A, or 2) accepting the risk or 
gamble of receiving an investor defined putative best 
amount (for 'happiness' representing monetary content- 
ment at which net worth the investor is willing to suffer 
essentially zero risk for further increasing his net assets) 5 
with probability PP(A) or losing his monetary assets and 
ending up at an investor defined putative worst amount A D 
(for 'despair') with probability l-PP(A). The amounts A D 
and A H enclose the investor's total net current assets A r 
Preferably all investment amounts and outcome calculations 10 
will be based on A r and appropriate changes to this value. 
Some investors may instead consider A r to be net investable 
assets or even their net worth. Overall then, the risk toler- 
ance function quantitatively defines the investor's risk aver- 
sion or risk seeking behavior with respect to his unique 15 
monetary range of specified monetary amounts. Thus, the 
risk tolerance function is specifically scoped to the inves- 
tor's actual and unique monetary range which includes his 
total investment assets so that it realistically quantifies the 
investor's preferences with respect to potential outcomes 20 
effecting the investor's assets, and hence usefully describes 
(i.e. quantifies probabilistically ) the investor's preferences 
as to the market risk presented by various allocations of 
investment assets within a portfolio. 

The investor's risk tolerance function is derived interac- 25 
tively in a straightforward and systematic manner through a 
sequence of decisions involving so-called reference 
gambles. Examples of several risk tolerance functions for 
three different investors are shown in FIG. 2. In this figure, 
the normalized PP value aries between 0 and 1 as the 30 
monetary outcome ranges from the investor's putative worst 
amount A^, to the amount of monetary contentment A^, 
such that PP(A £) )=0 and PP(A /f )=l. It is seen that the risk 
averse behaviors assumed here are represented by concave 
downward functions. The straight line joining PP(A £) ) and 35 
PP(A^) is the expected monetary value (EMV) fine which 
characterizes the behavior of a risk neutral individual. Con- 
sequently the risk seeker's curve lies below the EMV line 
and is concave upward. 

We note that the different risk tolerance functions in FIG. 40 
2 represent different individuals as indicated. The fact that 
one risk tolerance function, RTF3, goes into negative terri- 
tory states that this investor is willing to assume some 
resulting debt as the worst monetary outcome of risky 
investment schemes. It is reasonable, though not necessary, 45 
to assume that most mature or older investors will be risk 
averse with A^O such as in RTF1 and RTF2. All reasonable 
investors will exhibit A^Aj-. 

The monetary difference between the PP curve and EMV 
line at a given PP(A EMV ) value is called the investor's risk 50 
premium (RP) and is seen to be the amount the investor is 
willing to forego or pay in order to avoid the (fair) expected 
value gamble at PP(A). In the figure we see that all other 
asset parameters given equal, Investor #1 is more risk averse 
than Investor #2 since RP1>RP2. Investor #3 appears to be 55 
a young person with little total assets who would be risk 
seeking soon after going into debt. 
3.2 A General Overview of RR/CAPM and RDAA 

For any given allocation of investment assets among 
investments in the portfolio, a probability density function 60 
can be determined which describes the rate performance 
dispersion of the portfolio's predicted market performance. 
Conventionally, this probability density function is typically 
expressed with respect to a portfolio defined by fractional 
weightings of the investment assets, since CAPM is unable 65 
to distinguish between the risk preferences of different 
investors. In accordance with the present invention however, 
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the probability density function of the portfolio's predicted 
market performance is expressed with respect to the inves- 
tor's available investment assets, and more particularly, with 
respect to the investor's risk tolerance function. Thus, this 
probability density function describes the dispersion of 
potential monetary gains and losses to the investor given a 
specific allocation of the investor's investment assets among 
the portfolio. For a given probability density function, there 
is a mean or expected value of the probability density 
function. The probability density function of the portfolio, 
for example, describes the overall expected performance of 
the portfolio in monetary amounts. 

In accordance with one aspect of the present invention, 
once the investor's monetary risk tolerance function, and the 
probability density function of a given investment allocation 
are determined, it is possible to create a probability density 
function of the investor's probability preferences with 
respect to the investor's risk tolerance function. This prob- 
ability density function expresses the dispersion of risk 
preferences that the investor would experience as a result of 
the investment allocation. The expected value of this prob- 
ability density function of the investor's probability prefer- 
ences thus describes the overall risk preference of the 
investor for the specific monetary allocation of investment 
assets (as opposed to the conventional asset independent risk 
analysis). 

In accordance with the present invention then, investment 
assets are allocated to the investments of the portfolio by 
maximizing the expected value of the probability density 
function of the investor's probability preferences. The prob- 
ability density function of the investor's probability prefer- 
ences is determined as a function of the probability density 
function of the portfolio's predicted market performance 
with respect to the investment assets allocation policy and 
the investor's risk tolerance function. The investment allo- 
cation that maximizes the expected value of the investor's 
probability preferences best satisfies these preferences as 
they are defined by the investor's risk tolerance function. 

In contrast to conventional approaches, the investment 
allocation here describes the actual monetary amounts of the 
investment assets to be allocated to the investments of the 
portfolio. Further, because the investment allocation is deter- 
mined with respect to the investor's unique risk tolerance 
function(s), it accounts for the investor's own particular 
asset base and their risk aversion or risk seeking behavior 
relative to such asset base. This contrasts with conventional 
methods that do not account for either the assets or the risk 
preferences of investors, and hence treat all investors as 1) 
having exactly the same assets; and/or 2) having exactly the 
same risk preferences and tolerances. For this reason, as 
shown above, conventional approaches based on the CAPM 
produce only an infinite set of potential allocations, leaving 
it up to the individual investor to arbitrarily allocate their 
actual investment assets from among the possible solutions 
along the CML. 

The probability density function on the probability pref- 
erence of the investor's risk tolerance function may be 
determined in a variety of manners in accordance with the 
present invention. In one embodiment, this probability den- 
sity function is determined by numerically mapping the 
probability density function of the portfolio with respect to 
the investment assets through the investor's risk tolerance 
function and onto the probability preference axis. This 
embodiment is preferable where there is a significant prob- 
ability of the investor's total assets falling below AD, the 
despair amount. Such an outcome is typically predicated by 
a large rate standard deviation for the portfolio given the 
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investment allocation. The allocation of investment assets value of This rewards the investor in such a region of his 

amongst the portfolio investments is iteratively adjusted anticipated total assets. Again, in the practical application of 

until the expected value of the probability density function the invented algorithm and methodology to realistic short 

on the probability preference axis is maximized. FIG. 3 lists of stocks, the ' risk seeking portfolio' at a high RCC may 

illustrates an example of the mapping of the probability 5 be characterized by high variance being traded off against a 

density function of a given portfolio allocation through an low mcan because the risk seeker fully expects the high 

investor's risk tolerance function onto the probability pref- variance to work for (not against) him. We presume that 

erence axis. current portfolio designers can take comfort from this analy- 

In an alternate embodiment, the expected value of the sis since a directly evolved form of CAPM risk as denned in 

probability density function of the investor's probability 10 Modem Portfo i io T^jy ^ vcry much present ^ me new 

preferences is determined by direct computation. One RR/CAPM method presented here, albeit expressed in mon- 

method of direct computation is by solution of: etary (not rate) terms and mapped ^ the conflict reS olving 

preference probability space. 

E(PP\£)= r°g(A)h{A \£)dA (13) In accordance with the present invention, the foregoing 

15 analysis and computations are embodied in a software 
product for controlling and configuring a computer to 
wnere . receive data descriptive of various investments and their risk 
g(A) is the investor's risk tolerance function, g(A) <0, 1] characteristics, to interactively determine an investor's risk 
for A^ A<A„, and g(A o )=0, and g^-l; tolcrancc ^cUon/to allocate investment assets to an invest- 
A t .. * t - * * 20 ment portfolio, to compute the probability density function 
A n is the investor denned putative worst monetary r *i_ *r i- > _c • . , 
. *j ■ * * 01 the portioho s performance with respect to the investor s 
amount or despair amount; . < £_ 
. , . , _ . assets, and to compute and maximize the expected value of 
A H is the investor defined putative contentment monetary ^ probability density faxsction of me mvcst or's probability 
amount or happiness amount; and, preferences. Additionally, the present invention may also be 
h(A\f) is the probability density function of the invest- 25 used in a broader contexl as a monetary risk management 
ment portfolio's predicted performance with respect to {ool t0 det ermine asset allocations among sectors (e.g. large 
the investor's total assets given allocation policy f. cap> bondSj growthj va]ue> technology, metals, and the like) 
The solution to (13) may be usefully approximated by a and also to among candidate projects (e.g. acquire 
truncated Taylor series expansion of g(A), the investor's risk xyz Inc>| 3introduce product line A vs. B, buy new pro- 
tolerance function, about the expected value of h(A|f). One 30 duction facilitVj and tne like) m a planning envi- 
such implementation resolves (13) to: ronment 

3.3 User Interface Features 

r (ni + if^i^) o*{f) ^ * n accor dance with another aspect of the present 

~ 8 2[ dA 2 ) it ^ Aji invention, there are provided various user interfaces that 

35 graphically capture and represent the investment allocation 
of the investment assets, along with useful information 

This form of the equation can be readily optimized over describing portfolio performance. One user interface graphi- 

the selected securities for each investor to yield the actual cally displays for each investment in the portfolio the 

monetary allocation over such securities to the investor's allocation of the investment assets to the selected securities 

maximum expected monetary probability preference. 40 in terms of both monetary and percentage allocations, along 

An examination of (14) is particularly revealing with with user definable upper and lower bounds for the alloca- 

respect to asset allocation. The first r.h.s. term is simply a tion. There is also displayed a graphical representation of the 

mapping of fx A onto the PP axis and is consistent with the fact expected return of the portfolio given the investment 

that all sane RTFs are smoothly and monotonically increas- allocation, preferably shown with a confidence interval, 

ing with A throughout their entire range. The second r.h.s 45 The upper and lower bounds for each investment are 

term is of particular interest since it adjusts the expected dynamically manipulable, and can be adjusted by the user to 

value of the mapped cash distribution according to two change the range of potential allocations to the investment, 

factors — the curvature of the risk tolerance function and the As the user moves an upper or lower bound to allow an 

cash quantified standard deviation of the total portfolio both increase or decrease in the allocation, the overall investment 

reflected in the ^ region of investor's total assets. 50 allocation policy among the portfolio is automatically 

We recall from FIG. 2 that risk aversion is represented by recomputed in order to again maximize the expected value 

the RTF lying above the EMV line and thereby curving of the probability density function of the investor's prob- 

downward with increasing A. This translates to a negative ability preferences. This user interface thus allows the user 

value of the second derivative and means that a term to easily and dynamically manipulate the investment allo- 

proportional to o A z is subtracted from the direct mapping of 55 cation and observe the impact of such allocations on the 

^ through the RTF. We will refer to one half the RTF's expected return of the portfolio, 

second derivative evaluated at £ as the portfolio risk DETAILED DESCRIPTION OF THE 

compensation coefficient (RCC). Therefore as we assume a DRAWINGS 
portfolio design that increases its expected gain along the 

CML, we see that a A also increases. Since the RTF flattens 60 FrG - 1 is an illustration of the efficient frontier and Capital 

out with increasing A, the RCC becomes less negative, but Market Line in the CAPM. 

the increasing o A effect begins to dominate and the mapped FIG. 2 is an illustration of example investor risk tolerance 

mean, according to (14), reaches a maximum and begins functions. 

decreasing at the optimal allocation point. The opposite FIG. 3 is an illustration of the mapping of an investment 

occurs for risk seekers whose RTF falls below the EMV line 65 portfolio's probability density function (translated onto the 

in the vicinity; here the RCC is positive and the risk investor's total assets axis) onto the probability preference 

compensation adds to or augments the directly mapped PP axis. 
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FIG. 4 is an illustration of a system in accordance with the 
present invention. 

FIG. 5 is an illustration of the software architecture of the 
asset allocation program of the present invention. 

FIG. 6 is an illustration of the overall data and process 5 
flow in accordance with the present invention. 

FIG. 7 is an illustration of primary graphical output from 
the main user interface of the asset allocation program. 

FIG. 8 is an illustration of a user interface for interactively 30 
editing competing scenarios of future market performance. 

FIG. 9 is an illustration of a user interface for interactively 
generating and comparing multiple portfolio designs under 
uniform market conditions. 

FIG. 10 is an illustration of a user interface showing a 15 
reformatted correlation matrix and related risk adjusted 
returns for a selected list of candidate securities. 

FIG. 11 is an illustration of risk tolerance cases for 
creating an investor's risk tolerance function. 

FIG. 12 is an illustration of a gaussian distribution of a 20 
portfolio where maximum loss is limited to the sum of risky 
investments. 

5. DETAILED DESCRIPTION OF THE 

INVENTION 25 
5.1 System Architecture 

Referring now to FIG. 4, there is shown the configuration 
of a computer system in accordance with one embodiment of 
the present invention. The computer system environment is 
generally a conventional computer system that has been 30 
configured by one or more software products to operate in 
accordance with the methods of the present invention, to 
determine and provide the allocation of investment assets to 
investments in a portfolio, and to output and display various 
user interfaces enabling the user to operate and control the 35 
system and software product. 

Computer system 200 accordingly includes an address- 
able memory 203, and a processor 205, along with conven- 
tional input 206 (e.g. keyboard and mouse) and output (e.g. 
display and printers) devices 207, communication links and 40 
hard disk or other mass storage unit. The processor 205 is 
conventional, and executes software stored in the memory 
203. The computer system 200 may be implemented with 
conventional hardware, such as an IBM compatible, Intel 
Pentium® based computer. The memory 203 stores a con- 45 
ventional operating system 211, such as Microsoft Corp.'s 
Windows 3.1 or Windows95. Also provided is a conven- 
tional network interface 213 for accessing public commu- 
nications networks, such as the Internet. 

Loaded into and executing from the memory 203 are 50 
components of an asset allocation program 201 in accor- 
dance with an embodiment of the present invention. Refer- 
ring now to FIG. 5, the asset allocation program 201 
includes an RDAA module 301, a GUI manager 305, a data 
handler module 307, and a communications interface gate- 55 
way 308. An optional RR/CAPM module 303 may also be 
included. The GUI manager 305 includes a main module 
309, a short list maker module 311, a portfolio editor module 
313, an RTF module 315, and an account management 
module 310. An application executive 302 controls over all 60 
operation flow and preserves system state data. 

5.1.1 Main Module 

The main module 309 of the GUI manager 305 provides 
direct and arbitrary access to the four other user interface 
modules. The main module 309 provides for logon/off, and 65 
security password management to secure an investor's 
account data from unauthorized users. The main module 309 



also allows the investor to select or nominate a current short 
list of investments or a portfolio for analysis by the RDAA 
and RR/CAPM modules 301, 303. Once the investor has 
logged on and selected a portfolio, the main module 309 
allows arbitrary access to the other components of the 
system for conducting analysis of the selected portfolio. 

5.1.2 RTF Module 

The RTF module 315 manages an interactive dialogue 
with the investor to construct or edit the investor's risk 
tolerance function. Once the risk tolerance function is 
established, it is labeled, stored, and may be repeatedly 
accessed by the other system components. The RTF module 
315 supports the following functionality: 

Launch and execute interactive dialogue of reference 
gambles to define a new RTF. 

a Select and retrieve an existing RTF as working candi- 
date. 

Launch and label new working candidate RTF. 

Input/edit A D 'despair', A/,' contentment', and current net 
asset A r amounts. 

Performs both sanity and verification checks on the shape 
and stability of a new RTF. 

Display working candidate RTF graphically. 

Select multiple RTFs for comparison and display. 

Request and execute RTF verification procedure by gen- 
erating a series of inferred reference gamble decisions 
from the nominated or working candidate RTF. 

Label, store/discard working selected RTF. 

Nominate a stored RTF as current RTF for use by RDAA 
and RR/CAPM modules. 

5.1.3 Short List Maker Module 

The short list maker module 311 provides for selection of 
a number of investments for inclusion in a short list of 
investments to be analyzed by the RDAA or RR/CAPM 
modules 301, 303. In this disclosure, "investment assets" 
includes cash (own or borrowed) and other liquid assets that 
may be invested by an investor. "Investments" includes 
stocks, bonds, commodities, precious metals, and any other 
securities or financial instruments in which an investor may 
invest. The short list maker 311 provides the following 
functionality: 

Establish a connection with a third party securities data 
service and database 319 for searching for investments. 

View, nominate, and edit selection criteria for selecting an 
investment. 

Select a current short list (SL) of investments or portfolio 
for analysis. 

Display graphical and data tables for each candidate 
investment. 

Access expert advice services 319 via the communica- 
tions interface gateway 308. 

Compute risk correlation matrix for all investments in 
current short list and display. 

Display, edit, and/or nominate current short list of invest- 
ments as new short list. 

Label and store new short list and/or nominate as the 
current short list. 

5.1.4 Portfolio Editor Module 

The portfolio editor module 313 provides for selection 
and editing of a portfolio of investments. The portfolio 
editor module 313 provides the following functionality: 
Select a current (default) or stored portfolio for editing. 
Elect to include/exclude data for currently owned invest- 
ments from an actual portfolio into the current portfo- 
lio. 
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Generate/edit the financial factors scenario. 
Select financial factors scenario as the current scenario. 
Edit limits from existing or provided default values. 
Command RDAA reoptimization of current portfolio. 
Edit all input amounts within specified limits. s 
Label/store or discard current portfolio. 
Command generation of list of current buy/sell orders 
from the current and actual portfolios. 

5.1.5 RDAA & RR/CAPM Modules 

The RDAA module 301 and RR/CAPM modules 303 io 
implement the analysis and optimization of an investor's 
investment allocation as set forth above with respect to (13) 
and (14) above, and as further explained below in §5.6. The 
GUI Manager 305 is responsible for presenting the outputs 
of the RR/CAPM and RDAA modules on the display 207 15 
using the user interfaces of the present invention, as vari- 
ously described below with respect to FIGS. 7-10, and for 
obtaining user inputs for controlling the application. 

5.1.6 Account Management Module 

The account management module 310 provides a user ^ 
interface to one or more online investment systems, such as 
a brokerage house to access and update an investor's 
account. The account management module 310 retrieves and 
displays securities data, corporate financials, market perfor- 
mance data and other research information. The account 
management module 310 also provides for individual trades 25 
in the investor's accounts, and transfers the list of current 
buy/sell order to the investor's investment account for 
execution. 

5.1.7 Data Handler Module 

The data handler module 307 includes a format and output 30 
module 317 and a file manager module 323 which commu- 
nicates with a local file storage system 321. The data handler 
307 manages formatting and outputting of data to the input 
and output devices, and retrieval and storage of data to the 
local file storage system 321. 35 

5.1.8 Communications Interface Gateway 

The communications interface gateway 308 provides an 
interface to external databases containing securities data, 
such as corporate financial data, industry performance, secu- 
rities price and performance data, investment advisor opin- 4Q 
ions and consensus ratings, and the like, including, in some 
versions, more comprehensive portfolio management ser- 
vices without the portfolio analysis and optimization func- 
tions as provided by the present invention, as commonly 
available from brokerage houses, investment firms, and 45 
other sources. 
5,2 The System State 

The asset allocation program 201 is 'stateful system' in 
that its internal data representation consists of a formal list 
of data structures and related status parameters having 5Q 
current values. The asset allocation program 201 performs 
certain functions and processes automatically and in 
response to user input depending on the current state of the 
system. The following is a list of 'state variables' that are 
stored by the asset allocation program 201: 55 

Current RTF: the investor's RTF that is used to calculate 
the optimized allocation of a given set of investment 
assets. 

Current Short List (SL) Nominations: a set of N invest- 
ments selected by the investor for optimized allocation. 60 

Current Short List Performance: for each of the invest- 
ments on the Current Short List, predicted performance 
parameters including a covariance matrix of market 
performance data. 

Current Actual Portfolio: a set of investments currently 65 
held by the investor, including for each investment, a 
label, purchase price, purchase date, current price. 
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Current Allocation Constraints: investor specified limits 
on the percentages or dollar amounts of the investor's 
investment assets to be allocated to various ones or 
groups of investments including a Value at Risk con- 
straint that applies to the overall portfolio. 

Current Market Prediction: an estimate of market return, 
for example, one based on a benchmark market index, 
such as the S&P 500 or the Dow Jones Industrial 
Average. 

Investment Horizon, Market Appreciation and Standard 
Deviation: the Investment Horizon defines the length of 
time for the investment; Market Appreciation is an 
estimate of the annualized return during the Investment 
Horizon; and Standard Deviation is the standard devia- 
tion of market returns. 
Current Rates: loads on individual investments, manage- 
ment load, tax rate, and borrowing rate. 
Current Computed Portfolio: Origin — Optimized, User 
Input, Proportionally Recalculated. Invested own funds 
amount, security labels, security amounts & portfolio 
fractions, borrowed amount, expected return amount 
and standard deviation. 
5.3 System Operation, Standard User Sequence 

Referring now to FIG. 6 there is shown an overall process 
flow of the operation of the asset allocation program 201. 
The process flow described herein is exemplary of a useful 
process flow with the system configuration outlined above. 
However, the system may be operated and configured in any 
of a number of ways to satisfy licensee requirements for 
their intended markets (e.g. consumer, institutional 
commercial) and need not have both the risk direct and risk 
resolved loops. 

5.3.1 Generate/Update RTF 

Prior to any optimization of a portfolio, the investor 
creates 601 at least one RTF to define his risk preferences 
using the RTF module 315. Once generated the RTF is 
stored and accessed as needed by the RDAA and RR/CAPM 
modules. The investor may review and update his RTF at 
any time, periodically or when a financially significant event 
has occurred. The process of creating the investor's RTF is 
further described below in §5.4. 

5.3.2 Generate/Retrieve Short List 

Independently of establishing an RTF, the investor selects 
603 a snort list of candidate investments for optimization by 
the RDAA or RR/CAPM modules. Selection is performed 
via the short list maker module 311. The short list may be 
derived through any of a number of ways including direct 
input of recommended securities from experts' lists, invest- 
ment advisors, or any other source. The investor may 
generate any number of alternate short lists, which can be 
individually labeled and stored for later retrieval. 

For each short list, the investor specifies predicted future 
performance data for each investment asset. The future 
performance data may be the alpha, beta, sigma, R2, and 
cross correlations related to the Efficient Market Hypothesis 
approach or derived from any other predictive theory, 
including estimates that may by available in the securities 
database 319, information from investment advisors, or 
inputs which just reflect the investor's own assessments of 
the future performance of the investments. Regardless of the 
Market Hypothesis used, the short list maker module 311 
computes and updates a covariance matrix for the short list. 

5.3.3 Generate/Retrieve Financial Factors Scenario 
The investor specifies 605 a scenario of financial factors 

that will be used to define the optimization requirements. 
The scenario is input and edited by the user via portfolio 
editor module 313. The investor inputs values for the 
following: 
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Representative epoch for securities (and market). These 
values define the time period over which the optimi- 
zation of investment asset allocation is to be computed, 
and compared with market performance over the same 
period. 

Input/edit current actual portfolio. Here the investor iden- 
tifies the investments to be included in the 
optimization, preferably by security label, and includ- 
ing purchase price, purchase date, current price. The 
price information may be accessed and provided by the 
account management module 310. 

Current market prediction data, including the Investment 
Horizon, Market Appreciation, and Standard Deviation 
data. Again, this data need not be manually input by the 
investor, but may be extracted from existing online 
sources via the account management module 310. 

Where individual securities are already known, the inves- 
tor may input current loads on individual securities, and 
the investor imposed contraints on each short list 
candidate, owned stocks, invested, loaned (risk free), 
and borrowed amounts, Value at Risk. It also includes 
the buy/sell and portfolio management fees, tax rates, 
and purchase cost, etc. of owned stocks. Specifically 
for the stocks it includes the alfas, betas, sigmas, 
correlation coefficients, valid data epochs (may be 
different for each stock), for the stocks and the market 
predictions from FIG. 8. 

Finally, the investor labels the Financial Factors Scenario 
for storage and later retrieval. 

5.3.4 Generate Optimized Portfolio 

The investor generates 607, 609 an optimized allocation 
of investment assets for the current short list, including 
owned securities, of investment assets, using the RDAA 
module 301 and for the RR/CAPM module 303. The opti- 
mized allocation specifies the dollar amount to be invested 
in each of the short list investments to achieve the optimized 
risk reduced investment return. To initiate the optimization, 
the investor selects a current short list and its related 
Financial Factors Scenario, and one of the optimization 
modules 301, 303. The selected module verifies that a 
complete dataset exists for portfolio computation. The opti- 
mization module then computes and outputs for display the 
newly computed investment allocation. The computed 
investment allocation, and accompanying short list and 
financial factors is labeled and stored for later retrieval and 
if desired, editing. If the short list or financial factors 
scenario changes, then the investment allocation needs to be 
recomputed. 

5.3.5 Edit & Review Computer Portfolio 

Once an investment allocation for a portfolio is computed, 
the investor may review and edit 611, 613 any of the 
variables defining the portfolio using the portfolio editor 
module 313. The investor selects either the current portfolio 
for editing or a stored portfolio for retrieval. The following 
variables may then be edited: 

Input data on any original short list member (whether 
included in portfolio or not). 

Edit short list securities' investment constraints and/or 
amounts. 

Edit own investment assets constraints and/or amount. 

Specify of new candidate investments for the short list, 
including obtaining new candidate investment perfor- 
mance statistics, testing a new candidate investment in 
the current portfolio design; launching a query into the 
securities database 319 to find specified investment 
candidates; or launching an agent into Internet to find 
a specified candidate. 
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Edit borrowed, investment asset constraints and/or 
amount 

Interrogate predicted portfolio performance through edit- 
ing portfolio return confidence intervals. 

Edit securities' predicted performance parameters. 

Following editing, the investor then commands re compu- 
tation or reoptimization of the portfolio to produce a 
revised computed portfolio which itself may be further 
edited or discarded or labeled and stored. 

5.3.6 Access Brokerage Services 

With one of the computed portfolios, the investor then 
accesses his online investment account via the account 
management module 310. The account management module 
310 automatically compares the current actual portfolio with 
the newly generated portfolio, generates an editable buy/sell 
table which, upon execution 615, changes the investor's 
actual portfolio to match the computed portfolio. Depending 
on the facility of the online brokerage service, the investor 
may issue a comprehensive buy/sell order or use the gen- 
erated buy/sell table to place the individual orders as 
allowed by the service and obtain an updated actual port- 
folio. 

5.4 User Interface Features 

In the form of annotated screen designs in selected 
figures, the present invention provides a number of new user 
interfaces for editing and understanding the performance 
and risk characteristics of a given portfolio. The user inter- 
face displays are as follows: 

5.4.1 Portfolio Design 

Referring now to FIG. 7, there is shown an example of an 
interactive user interface which provides for the primary 
output of the asset allocation program 201, The portfolio 
design screen 701 summarizes what investment funds are 
invested (own 729 and new SL candidates (2-10)), under 
what constraints they are to be allocated (the bold brackets 
707), the actual monetary amounts which the RDAA module 
301 or RR/CAPM module 303 allocated to the risky and risk 
free vehicles (ten securities are shown with their ticker 
labels 713 indicated along with the risk free amounts 727), 
and finally the risk compensated portfolio's predicted per- 
formance 717. Additional data, such as the computed PP 
value of the current design and dollar amounts may also be 
included. 

The portfolio design screen 701 is constructed as follows. 
Along the X-axis are listed each of the investments 711 
included in the computed portfolio, each investment listed 
by its corresponding label 713. Also listed are columns 
representing risk free funds 727, the investor's total avail- 
able own investment funds 729, and borrowed investment 
funds 731. For each of the investments 711, a monetary 
amount invested in the investment is shown in bar format as 
a bar 709 with respect to two Y-axis scales. A first Y-axis 703 
is scaled as percentages of the investor's total investment 
funds (equal to the investor's own funds 729 and the 
borrowed funds 731). A second Y-axis 705 is scaled in 
currency amounts. Thus for each investment 711 or invest- 
ment funds 727, 729, 731, the amount to be invested 
according to the RDAA module 301 is directly shown. 

The portfolio's predicted performance is displayed by the 
rightmost bar 723 and bracket 735. The height of the bar 723 
indicates the expected cash return during the investment 
period; the percent return 717 is also indicated as a percent- 
age of the investment funds. The bracket 735 displays the 
symmetrical performance uncertainty within a confidence 
window 719 into which the portfolio's return will fall. In this 
example, the optimized portfolio will yield an expected 
return of 12% and with 90% certainty the portfolio's return 
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will fall between a maximum of about 35% and a minimum securities database 319. Each bracket 803 has an associated 

of about 5%. The overall likelihood of having a negative confidence percentage 805 which represents the probability 

return (i.e. losing money) is the indicated 9%. that the actual market return 807 will be in the indicated 

Accompanying each bar 709 is a constraint bracket 707. and may or may no , have an mdicated mean 8U 

Tlie upper and lower handles of the constraint bracket 707 s and average percentage 813. The investor is able 

are adjustable by the mvestor (as shown by arrows 715) v,a tQ makc ^ adjustments wn6re by the /down 

the mouse 206 to define the maximum and minimum per- OAft , , . ... . , t .. 

„ M mf ^ m . , t . „. . , arrows 809; he may also type in the amounts by selecting the 

centages 703 or amounts 705 to invest (left Y-axis 703) and , , t one . on _. .... 

« l i i * * j V •* / • u* v • on-screen number (e.g. percentage 805, return 807) which is 

the absolute monetary amounts and or limits (right Y-axis , , . . T , T * T , i_ • . 

705) of own and borrowed investment funds to invest. 10 boxed 35 show ° «he IA- Lastly the mvestor can 

Likewise, the actual investment amount 709 is also adjust- ^ a relative ™& 817 for each m P ut bv movm 8 *" ,0 P 

able by the investor as shown by arrows 718. When the of each weighting bar 817 as mdicated by arrows 815. 

investor adjusts such an amount directly, the algorithm takes ,™ e asset P™&™ 201 responds by dynami- 

J . x cally recomputing and contuiuously updaung the display of 

that as an equality constraint, essentially collapsmg the , ; ( , I7 . ,. r j A ° „ i * on n • » 

, . . , . .... f 15 the Weighted Average market response 811. I ne investor 

maximum and minimum brackets to the mdicated amount, may ^ ^id^y move either end bar to obtain the 

and computes the optimum within the remaining degrees of display of the probability that the composite market return 

freedom on other portfolio parameters. Proceeding in this faU s fa me indicated window. The RDAA and RR/CAPM 

manner, the investor adjusts the constraint brackets 707 modules may then be commanded to use the recomputed 

and/or the bar 709 for the individual investments 711 and 20 average and its related standard deviation to recalculate the 

funds 727, 729, 731 to define a particular financial factors optimal investment allocations for any selected portfolio, 

scenario. When these inputs are complete, then RDAA The final market prediction may be deleted, and/or named 

module 301 is commanded to recompute and display the and saved for use as part of the current financial 

. - y factors scenario. From this part of the application it will also 

op ima po o io. . 25 be possible to recall other such screens of previously devel- 

P° rtfoho des1 ^ screen 701 ma ? also be assymetn- " dmarket per f ormance predictions and nominate mem for 

cally defined by moving the appropriate crossbar and the further use 

display will dynamically update the optimal portfolio solu- 543 Competing Portfolios as a Function of R^ and 

tion with the new confidence probability. Hie lower rounded Relative Performance of Portfolios under Different Market 

box 721 always indicates the probability (here 9%) that the 30 Performance Futures. 

portfolio will result in actual reduction of investor's current Since the asset allocation program 201 permits the inves- 

investment funds. The upper rounded box 717 always indi- tor to generate and store several portfolio designs (both 

cates the expected portfolio return (here 12%) under the optimal and sub^ptimal) as described above, it is important 

current portfolio design and input financial factors scenario. to P rovidc ™ opportunity to compare the relative 

it «u- a ' 1 im t u • * „, K •„ tn 35 performance under uniform market conditions. FIG. 9 lllus- 

From this display 701 the investor may now begin to y .... nni r _c • * 1 

,1 ... v c . *r v / • 1 j a, trates an interactive screen 901 for performing this task, 

examine the sensitivity of a given portfolio s risk and re turn u * 1 ■ 

, ... 4 . • t ~L * j • * a u„ In this screen display 901, for each of several mvestor 

by reconstituting the investment and invested amounts by ... n { n ; , ' , nA t , c on - 

• t i u • *u rt f u„„ taq ~™ selected portfolios PI, P2, P3, and P4, the performance 903 

appropriately changing the size of the bars 709 and con- _ . 4 y tC . , ' , . t . , , A , nn 

* - fu 1 * ns\n t u A *, i » mi t« *~ * n of that portfolio is plotted against the investor s residual PP 

straint brackets 707 on the display 7U1. In response to an ^ r & 

... , t . . n <* M a* - «iu. 40 value as a function of expected market performance 917 

adjustment, the asset allocation program 201 dynamically ... » a * *u • 

J ' iL ^ri*i _r j *• 1 ( holding standard deviation constant) at the investment 

recomputes the portfolio's performance and continuously * " " 7 . . 1- \ u t e dd 

updates the display 701. If the investor exactly specifies all horizon - ^ ^f^™ 9 ^ in the P eroent of f P 

invested amounts/then the use of such forced inputs directly rem ™ ^V.^. 1 ! a m ? an111 ^ 1 ™ mp ™*\ 

, ! . u . # nt> ~" a A „„ \ to the mvestor since it is indexed from his current asset (A r ) 

calculates the resulting monetary utility PP and does not . 1 . . , \ 

• , r - r c u * rt ™ j^i,,, 45 level. The horizontal axis 905 is scaled to expected percent 

require numerical optimization. Such a responsive display ±- r 

gives the investor unparalleled insight about how the port- ma Ir J eturns * , 

j 4 + n 1V - 1 ^ , The downward shape of the curves P1-P4 mdicates that 

folio responds to different allocation policies. In the final At _ , A . . , y . t i c , . . t , 

, . iL , r * * i- u*i the mvestor is in the risk averse part or his RTF since the 

analysis the investor may, of course, opt for a slightly lu * . , . " , F . . * f 

*■ 1 v tu / , o« m - „™ marginal PP gam drops for every additional increment of 

non-optimal portfolio that may satisfy some other non- f 6 f . . . u „ 

quantifiable subjective criteria which .till produces an 50 market return GeneraUy tt is clear mat Px ^ better than Py 

acceptable return and risk which he naturally intuits (and has rf and ^ lf f x> ' ? V °^ * e ™& of ™>"»P«^ mark6t 

corroborated by the updated PP value display). It should be ^1°™^ o r f ° u Z^*' 

noted that, the RDAA solution is still optimum within the Rather ' 9 ^ me mor " eah f JL aild dlffi< ^ U ^V? 1 " 

j * * . t* l i j u i *u * *u i where some portfolios, eg. PI and P2. do well with high 

investor imposed constraints. It should be clear that the less , \ . \ c ,7 

constraints the investor imposes, the higher the PP value 55 market performance values b ut , Poorly faster when the 

(monetary utility) the RDAA module 301 is able to obtain market S oe * dow ? (holding ^ standard deviation constant) 

r , . t ■ , • i i as compared to P3 and P4. Portfoho designs P3 and P4 may 

from its optimization. Investor constraints simply reduce the ^^i^ai^ & j 

« rt «.ki» dd ^oi,,^ be considered more 'defensive and therefore reasonable if 

possible maximum rr value. . . . c . ... , . , . - 

e a -> K4..i«;«i a d • nlo „„,;™ tnere 15 a significant likelihood of poor market performance. 

5.4.2 Multiple R^ integration TT , 5 nn . . nntf1im j 

D-f-,.««« „™ »^ err 1 c e u n «m ™ c ^^r. 60 However, the RDAA or RR/CAPM modules already account 

Re rernng now to r I (j. o there is shown an example screen _ \ _, 4 ' , r , A . « 

, ™ r . ■ , ■ i j-.- r for any given market performance p.d.f., and thus FIG. 9 

display 801 for interactively inputting and editing tour . i a. • #■ • *u — i 

r 7 fa shows only the sensitivity to variation in the mean value. 

competing predictions of future market performance given Th& investQr may select a prestored market scenario 907 

by, for example, an Investment Advisor (indicated as IA), ( here MS #2) from a puU down list from the indicated label, 
two expert sources (El, E2), and the investor (Self). The 65 xh e investor then modifies the shaded confidence bound- 
predictions are given in the bracket formats usually obtain- aries 911 of the confidence interval 918 as indicated by the 
able from the investment information sources, such as left/right arrows 913 to define a new confidence interval 918 
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for the market performance until the investment horizon. 
The asset allocation program 201 immediately displays the 
confidence level 915 (here 90%) that the current market 
scenario return will fall within the new shaded area. 

Finally, the investor can view dynamically updated port- 
folio performance curves Pi by changing the mode of this 
display to accept as input dragging the expected market 
return line 917 to a new value (as shown by arrows 919) and 
adjusting the now symmetrical width of the confidence 
interval 918 to the confidence level that reflects the new 
uncertainty in the market's performance. This dynamic, 
interactive display again provides novel and valuable insight 
to the sensitivity of the performance comparisons for the 
competing portfolios. 

5.4.4 Correlation Matrix 

Referring now to FIG. 10 there is shown another screen 
display 1000 of the present invention, this one representing 
a modified correlation matrix of risk adjusted returns for a 
portfolio, of candidate securities. The risk adjusted returns 
may be conventionally calculated; the present invention here 
provides a new and more insightful way of understanding 
the standard correlation matrix. 

In FIG. 10, the risk adjusted returns — expected return 
divided by the standard deviation — for each investment 
1007 as shown on the main diagonal 1001 as varying height 
rectangular boxes 1003, and the correlation coefficients for 
all pairs of securities are shown at the intersecting off- 
diagonals. 

The lines 1005 above the wider rectangles of the risk 
adjusted returns indicate the marginal returns available if the 
predicted market appreciation were perfectly known — i.e. if 
cfj^O — and therefore quantify the decrements due to market 
uncertainty as another function of our ignorance of the 
future. The returns and intersecting correlation coefficients 
of the investments selected are displayed by the filled 
rectangles with the rejected investments indicated as out- 
lined rectangles. 

In the asset allocation program 201, this screen display 
1000 enables the investor/analyst to quickly get the 'feel* for 
how RDAA module 301 determines portfolio membership. 
This feedback is valuable to the investor as he adds new 
investments to a portfolio that might provide additional 
diversification benefits. From the figure we notice that the 
selected investments (Nos. 1, 3, 6 and 8) all have relatively 
high risk adjusted gains and low cross correlation values. 
The largest sum is invested in security #8 which itself is 
unique in the short list because it has an almost uniformly 
low performance correlation with all the other stocks 
thereby providing the most diversification value in its inclu- 
sion. 

As described above, the RTF module 315 is responsible 
for providing an interactive dialogue to establish (abstract 
and quantify) an investor's risk tolerance function (or mul- 
tiple functions). The RTF module 315 provides the interac- 
tive dialog in terms of 50/50 reference gambles, detects and 
filters inflections above/below the EMV line, and creates an 
RTF either by appropriate candidate analytical functions 
and/or splines. 

Table 1 presents the nominal sequence of reference 
gambles that the investor is asked to resolve to obtain the 
points in the A-PP space defined over the total assets line by 
the investor's A^, Aj-, A^, values. It is these captured points 
{Xi, PP(X t } which are used to fit the analytical RTF in either 
single function regression or in cubic spline format. Here the 
X refers to the cash amounts used in the reference gambles. 
The RTF module 315 begins by accepting investor inputs of 
their A^, A H , and A T amounts. 
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TABLE 1 



Sequential Capture of Risk Tolerance Function Points 



RG # $ High PP (High) $ Low PP (Low) (Input) PP (X) 



1 


A H 


1.0 


A D 


0 


x 4 


0.5 


2 


Xa 


0.5 


A D 


0 


x 2 


0.25 


3 


A H 


1.0 


x, 


0.5 


x 3 


0.75 


4 


A h 


1.0 




0.75 


X, 


0.875 


5 


x 3 


0.75 


Xi 

x, 


0.5 


Xs 


0.625 


6 




0.5 


0.25 


x< 


0.375 


7 


x 2 


0.25 


A D 


0 


x 7 


0.125 



35 Table 1 is explained as follows. At the start the investor is 
presented with a choice of 1) taking a certain, perhaps 
negative, $X 1( thus making his total assets Aj+X^ or 2) 
choosing a 50/50 gamble (i.e. toss of fair coin) where 
winning yields (A^Aj-) thus bringing his total asset to A^. 
Losing the gamble results in a dollar loss of (Aj-A^) 
thereby reducing the total assets to A D . Starting with an 
arbitrary value, X a is increased if the gamble is chosen and 
decreased if the certain X 2 is chosen. (The process is 
speeded up if the initial Xj is such as to keep Ay+Xj, near 
A r ) In this manner the investor is quickly driven to the point 

25 of indifference or indecision, both indicating that the two 
alternatives are of equivalent preference. From the compu- 
tation of the decision graph this becomes the (0.5, Ay+Xj) 
point on the RTF where PP(A 7 +X 1 ) 0.5=[0.5xO+0.5xl.O]. 
The (A r +X 2 0.25) point is determined by asking the 

30 investor to choose between 1) taking the certain, perhaps 
negative, amount Xj, thus making his total assets A r +X 1 + 
Xj, or 2) choosing the 50/50 gamble where winning now 
yields Aj+X^X^ and losing yields a loss of AjH-Xj-A^, 
bringing his total asset to A^. Again X^ is raised if the 

35 gamble is chosen and vice versa thus bringing the investor 
to a point of equivalent preference between the presented 
alternatives. Since the best outcome now had a PP<=0.5 (and 
the worst was, of course, PP(A z> )=0) from the first reference 
gamble, the current preference probability PP(A r +X 1 +X 2 ) is 
assigned the value 0.25-[0.5x0+0.5x0.5]. 

40 We may now split the 0.5 to 1.0 PP interval to determine 
the (A r +X 1 +X 3 , 0.75) point by asking the investor to choose 
between 1) getting the certain amount X 3 added to his now 
total assets of A 7 +X 1 , or 2) taking a 50/50 gamble where 
winning will bring his total assets to A^ and losing will 

45 maintain them at Ay+Xj. Again X3 is raised if the gamble is 
chosen and vice versa until equivalent preference is reached. 
The value of PP(A 2 -+X 1 +X 3 ) is 0.75=[0.5xl.0+0.5x0.5]. 

In similar ways we may continue[] splitting the PP 
intervals until the points yield an unambiguously smooth 

50 track between (0, A^) and (1, A^). About four or five points 
are usually needed to accomplish this. During optimization 
a smooth analytical regression function is dynamically fitted 
to a subset of these points over the monetary * region of 
activity 1 to yield the desired RTF that is used in the portfolio 

55 design methods below. 

The present invention avoids the oft-cited circular logic 
(preference conflicts) and monetary relevance pitfalls of 
utility theory in such applications by presenting the refer- 
ence gambles only within the investor's relevant monetary 
spectrum as described above, and by detecting * insane' PP 

60 points and automatically reinterrogating that portion of the 
monetary axis until a 'sane* RTF is obtained. In practice this 
requires at most two passes. Insane PP points may be 
detected as RTFs having more than one inflection point. That 
making monetary decisions, which are based on an indi- 

65 vidual's (or corporation's) RTF, is both a rational and 
practical approach is summarized from Behn and Vaupel [3] 
as: 
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1. Preference probabilities have a precise definition and 
can therefore be explained and captured unambiguously. 
Once A D and are given, the meaning of any mediating PP 
is clear. If, for example, an investor's RTF goes through the 
point PP=0.7 and $1,000,000, this slates that the investor is 5 
indifferent between receiving $1,000,000 for certain and a 
gamble that will yield her with probability 0.7 or A D with 
probability 0.3. Even though both contingencies are 
hypothetical, the investor has been able to decide a priori 
that the value of the certain monetary outcome and the 10 
gamble are identical in her monetary spectrum. 

2. Decision dilemmas can be readily resolved by assess- 
ing the PPs for each outcome and choosing the outcome with 
the highest PP. This is possible because each outcome can be 
replaced in the decision graph with its equivalent reference 15 
gamble. Applying the probability rules for computing the 
graph makes it clear that the investor will then prefer the 
decision which approaches the best outcome AH with the 
highest probability. 

3. As an adjunct to the present development, the assign- 20 
ment of PPs to outcomes through reference gambles is 
applicable for all sorts of decisions "whether the conse- 
quences ... are wealth, health, or happiness," Modern utility 
theory recommends that a decision maker can use PPs to 
assess the relative preference of each contemplated out- 25 
come. 

To this list the present invention adds the important fourth 
reason in that such piecewise analytical expression of an 
investor's RTF over the monetary domain of interest makes 
possible the efficient application of the RR/CAPM and 30 
RDAA methods described herein. Prior to the development 
of this practical approach, monetary utility has been defined 
over arbitrary regions, such as zero to infinite dollars, 
disconnected from any actual investor, and consequently has 
experienced a controversial relationship to quantitative port- 35 
folio design only in academic discussions. 

5.5.1 Example Interactive Dialogue for Capturing Risk 
Tolerance Function 

In one implementation, the following cases are examples 
used by the RTF module 315 to define an investor's RTF. 40 
Their order of occurrence is somewhat arbitrary after the 
first reference gamble. Each case will have an intrinsic PP 
associated with it. Throughout we maintain 
A D ^$L<$H^A /f and A z? <A r <A^. Each case X (X=l ... 6) 
continues offering the contingencies in paragraphs X.l and 45 
X,2 under each case X described below until the investor 
branches to X.3 (indifference) at which time the next case in 
order is introduced. This process continues until all the 
specified cases are completed thus yielding a complete set of 
investor's RTF points. If the investor delays a long time (e.g. 50 
30 seconds) before deciding (as described in the X.4 
paragraphs), the RTF module 315 automatically suggests to 
the investor that he may have reached his indifference point 
and thus may be able to chose case X.3. The X-numbered 
cases are illustrated in FIG. 11. When each dialog is pre- 55 
sented to the investor, all variables are instantiated and 
formulas computed to present the actual dollar amounts in 
the dialog itself. The questions which present the contin- 
gencies are merely exemplary, and other hypotheticals may 
certainly be used. 60 

The first gamble always determines the PP=0.5 indiffer- 
ence dollar amount that will split the AD to AH interval. The 
subsequent gambles will continue splitting the so generated 
intervals iteratively while assigning the middle values of PP 
to the median indifference amounts as obtained from the 65 
cases below. It is clear then that the second gamble may be 
chosen to determine either the 0.25 or 0.75 PP points. These 
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PP intervals may be further split in an arbitrary order. It is 
almost always the case that obtaining the cash amounts for 
the intervening PP points 0.5, 0.25, 0.125, 0.375, 0.75, 
0.625, 0.875 is sufficient to determine the most complex 
RTF. The cases illustrated below cover the spectrum of 
possible reference gambles to obtain the dollar amounts to 
an arbitrary resolution of the RTF. 

We note that such a detailed dialogue will most likely be 
used only by the new investor and that it will be replaced by 
direct manipulation of the monetary reference gambles for 
the experienced investor who will no longer need the type of 
'introductory story line' presented below. The 'direct mode' 
will be selectable within the RTF module. 
Case 1. (AD^$L<SH<AT) 

"You have been involved in an unfortunate lawsuit and 
the jury will certainly deliver one of two equally likely 
judgments against you if you do not agree settle the 
suit. The worst judgment requires you to pay the 
amount W=(AT-$L), and in the best outcome you must 
pay B=(XT-$H). The plaintiff's attorney offers to settle 
for the amount S*<AT-($L+$H)/2), would you pay the 
demand or go ahead with the jury trial?" 

1.1 "PAY DEMAND" 

"Before you reply the demand is peremptorily raised to 
S-(S+W)/2, would you pay this new amount?" 

1.2 "JURY TRIAL" 

"Before you reply the demand is peremptorily reduced to 
S=(S+B)/2, would you pay this new amount?" 

1.3 "DON'T CARE or CAN'T DECIDE" 
"Thank you. Now let's go on." 

The RTF module 315 records (ATS) and its PP as a point 
on the investor's RTF. 

1.4 Long Delay 

"If it is difficult for you to decide, then you may have 
reached the point where you are indifferent to paying 
the demand or letting the matter go to trial. For esti- 
mating your tolerance to monetary risk this indicates 
that you indeed can't decide or don't care which path 
you take." 
Case 2. (AD^SL<AT) & ($H=AT) 

"Your hillside house will suffer mudslide damage to the 
tune of W=(AT-$L) if you do not build an engineered 
retaining wall for the bid price of S=W/2. Reliable 
weather data for the coming season makes it equally 
likely that your house would be damaged or undam- 
aged if you don't build the wall. Would you build the 
retaining wall?" (here B=0) 

2.1 "BUILD WALL" 

"Before you can reply to the bid the contractor notifies 
you that the cost of the wall has increased to S=(S+ 
W)/2, would you still build the wall?" 

2.2 "DON'T BUILD WALL" 

"Before you can reply to the bid the contractor notifies 
you that the cost of the wall has been decreased to 
S=(S+B)/2, would you now build the wall?" 

2.3 "DON'T CARE or CAN'T DECIDE" 
"Thank you. Now let's go on." 
Record (AT-S) and its PR 

2.4 Long Delay 

"If it is difficult for you to decide, then you may have 
reached the cost point where you are indifferent to 
protecting your house or taking a chance with the 
weather. For estimating your tolerance to monetary risk 



03/04/2004, EAST Version: 1.4.1 



US 6,405,179 Bl 



21 



22 



25 



this indicates that you indeed can't decide or don't care 
which path you take." 
Case 3. ((AD^$L<AT) & (AT<$H^AH)) & ((AT-SL)^ 
(SH-AJ)) 

"You paid W=(AT-$L) to enter into a speculative project 5 
which it now appears will reward you less than hoped 
for at best. In fact, it is equally likely that you may be 
able to sell out for a profit of B=($H-AT) or be stuck 
with the loss of W. A third party suddenly offers to buy 
your share for S=(W-X). Would you take the guaran- 10 
teed amount from the third party or go ahead with the 
risky sale when (X-(AT-(SL+$H)/2)?" 

3.1 "ACCEPT BUY OUT" 

"Before you can reply to the third party you are notified 5 
that the buy out price is reduced to S=S/2, would you 
still accept the buy out?" 

3.2 "GO AHEAD WITH SALE" 

"Before you can reply to the third party you are notified 
that the buy out price has been increased to S=(S-B)/2, 20 
would you still accept the buy out?" 

3.3 "DON'T CARE or CAN'T DECIDE" 
"Thank you. Now let's go on." 

Record S and its PP. 

3.4 Long Delay 
"If it is difficult for you to decide, then you may have 

reached the cost point where you are indifferent to 
selling out your stake (or accepting a loss) for a certain 
amount, or taking a chance with the uncertain sale. For 30 
estimating your tolerance to monetary risk this could 
mean that you indeed can't decide or don't care which 
path you take." 
Case 4, ((AD^$L<AT) & (AT<$H^AH)) & ((AT-$L) ^ 
($H-AT)) 35 
"You paid W=(AT-$L) to enter into a speculative project 
which it now appears may also reward you nothing. In 
fact, it is equally likely that you may be able to sell out 
for a profit of B«($H-XT) or be stuck with the loss of 
W. A third party suddenly offers to buy your share for 40 
S=(X-W). Would you take the guaranteed amount from 
the third party or go ahead with the risky sale when 
X=(-AT+($L+$H)/2)?" 

4.1 "ACCEPT BUY OUT' 

45 

"Before you can reply to the third party you are notified 
that the buy out price is reduced to S«S/2, would you 
still accept the buy out?" 

4.2 "GO AHEAD WITH SALE" 

"Before you can reply to the third party you are notified 50 
that the buy out price has been increased to S»(S+B)/2, 
would you still accept the buy out?" 

4.3 "DON'T CARE or CAN'T DECIDE" 
"Thank you. Now let's go on." 
Record S and its PP. 

4.4 Long Delay 

"If it is difficult for you to decide, then you may have 
reached the cost point where you are indifferent to 
selling out your stake for a certain amount or taking a $o 
chance with the uncertain sale. For estimating your 
tolerance to monetary risk this could mean that you 
indeed can't decide or don't care which path you take." 
Case 5. (SL-AT) & (AT<$H^AH) 

"You are in a fortunate position of having the option to 65 
enter into a project that can net you either B=($H-AT) 
or at worst cost you nothing (W-0). In fact reliable 
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odds are that either case is equally likely. The inevitable 
third party approaches and offers to buy your option for 
S=($H-AT)/2. Would you still go ahead with the 
project or sell your option?" 

5.1 "ACCEPT BUY OUT' 

"Before you can reply to the third party you are notified 
that the buy out price is reduced to S=S/2, would you 
still accept the buy out?" 

5.2 "GO AHEAD WITH PROJECT' 

"Before you can reply to the third party you are notified 
that the buy out price has been increased to S=(S+B)/2, 
would you still accept the buy out?" 

5.3 "DON'T CARE or CAN'T DECIDE" 
"Thank you. Now let's go on." 

Record S and its PP. 

5.4 Long Delay 

"If it is difficult for you to decide, then you may have 
reached the cost point where you are indifferent to 
selling your option for a certain amount or taking a 
chance with the uncertain project. For estimating your 
tolerance to monetary risk this could mean that you 
indeed can't decide or don't care which path you take." 
Case 6. (AT^SL) & ($H^AH) 
"You are in the most fortunate position of having the 
option to enter into a project that can net you either 
B=($H-AX) at best, or at worst still net you W=($L- 
AT). In fact reliable odds are that either case is equally 
likely. The inevitable third party approaches and offers 
to buy your option for S=(B+W)/2. Would you still go 
ahead with the project or sell your option? 

6.1 "ACCEPT BUY OUT" 

"Before you can reply to the third party you are notified 
that the buy out price is reduced to S=(S+W)/2, would 
you still accept the buy out?" 

6.2 "GO AHEAD WITH PROJECT" 

"Before you can reply to the third party you are notified 
that the buy out price has been increased to S«(S+B)/2, 
would you still accept the buy out?" 

6.3 "DON'T CARE or CAN'T DECIDE" 
"Thank you. Now let's go on." 
Record S and its PP. 

6.4 Long Delay 

"If it is difficult for you to decide, then you may have 
reached the cost point where you are indifferent to 
selling your option for a certain amount or taking a 
chance with the uncertain project. For estimating your 
tolerance to monetary risk this could mean that you 
indeed can't decide or don't care which path you take." 
5.6 Implementation of Risk Resolved CAPM by the 
RR/CAPM Module 

We now turn to a detailed discussion of the operation of 
the RR/CAPM module 303 and its computation of an 
optimized investment allocation. The operation of the 
RR/CAPM module 303 is to select the dollar optimal point 
on the CML as shown in FIG. 1 and defined by the solution 
to (11). CAPM yielded the fractional portfolio design 1* 
given in (11) with as the yet to be determined free 
parameter. 

We begin by noting that the CML can be quantified to 
define the expected monetary value of an investor's total 
assets as 

that is the amount-mapped CML conditioned on Sbf e[l,0] 
where R E is the expected rate of return from the risky (point 
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E) portfolio now allocated according to the fixed X* . A f is the 

amount to be invested and may be made up of funds drawn i i (A (20) 

from A r and borrowed at R^. We apply (15) in the case *W * f to + *'.(*) |, M -t*) + g'(A)^ — — - 

when Af=A rTi an amount entirely drawn from A T . 

If additional funds A^/^Ayj. are borrowed, then the 5 
CAPM prescribes that /^O and the optimum portfolio gain Substituting this into the integral in (1 9) and recalling the 
is somewhere beyond point E with portfolio consisting definitions for mean and variance [6] allows us to write the 
entirely of risky investments allocated according to approximated expectation as 

Assuming that the investor uses some funds A^ from A^ we 

may condition the total assets in this case on the fraction 10 E{PP\£) = g(p A ) +s'M)L f°°(A -PaMa} £)dA + 
f 3 >0 of A TT borrowed as * ^° 

g"(A) I f° 

M^UshA^ARAl'hfA^^h^r]} (16) T^~J_J A -firfWIDdA 

The cash standard deviation of the 'lend only' portfolio is 15 = g^ A ) + * t<4)l/J * q-* 

seen to be 2 



(21) 



^«WV(l-jV>a, (17) 



or more explicitly 



where o^-o^*) from (3). It is clear how this classical 20 E{PP\£) =*[M/)] + ^^rl ^(/) ^ 
expression of portfolio risk diminishes as a larger fraction is 
invested at R^. The equivalent dispersion for the 'borrow 

only* portfolio is Equation (22) is central to the further development here 

25 and, as seen below, its maximization forms the core of all 



RR/CAPM and RDAA portfolio design solutions. 



which is seen to increase appropriately as more borrowed We immediately note that the derivation of (22) placed no 

funds are invested. Since A^=A, at sLrtA the risks are special requ.rements on the I form of ttie portfolio s p d f. It 

. . 4 4 t , „ jrf-jb > is now the maximization of E(PPm that drives the selection 

equivalent at the E point as ex^ed of f no matter how we express the details of ^ and cr A . 

The basic premise behmd RR/CAPM and RDAA is that 30 ^ such importam altemative expressions are devel- 

the mvestor makes monetary choices in uncertain situations oped below for me more powe rful RDAA method that are 

according to the investor's specific tolerance for risk as was equally applicable here.) 

discussed in §5.5. Therefore, the salient monetary decisions The solutions to the RR/CAPM portfolio design problem 

among alternative portfolios are to be resolved so as to jg then stated for 

maximize the expected value of PP on the investor's RTF. 35 

This is in direct opposition to the conventional view of M£a*Jrf\Jb\ 

attempting to represent the risk measure in such terms as the as 

classical 'risk adjusted return" for an investment computed 

as its expected rate of return divided by the standard £ = ar g mzxE{PP\£) t23) 

deviation of that rate. The conventional commensurate mea- 40 ^ oCM '' 
sure for a portfolio would then be given from (4) and (10) 

by the ratio KjJf)/oJf). This further demonstrates how the , , , , . 1 1 . . . , . 4 , t . , 

wj «v * pvj^/ syj^ .j j and solved subiect to me above stated inputs and constraints 

conventional approach ignores individual attitudes toward usiflg Qne of ^ many commonly non . linear pro . 

T taf DD^Dx. i . ■ , . , . . 45 grammmg methods available [17],[7],[8]. For portfolios 

The RR/CAPM approach is based on individual risk where is convex in f this type of solution unam- 

tolerance expressed over a bounded and currently relevant biguously prescribes the cash-quantified optimal portfolio 

monetary spectrum. It takes the probability density function that correctly reflects the investor's subjective feelings 

(p.d.f.) of predicted total assets at the end of the investment toward assuming monetary risk as defined by his RTF. For 

horizon, as defined by (15) through (18), and maps this onto non-convex portfolios the solution to (23) may be achieved 

the individual* s PP values as represented by the RTF. This 50 through one of a number of evolutionary algorithms such as 

mapping is shown in FIG. 3. Specifically we seek to com- those of the genetic variety [20]. Unfortunately the resulting 

pute the mean of the mapped distribution on the PP axis solution then is merely satisfying and has no guarantee of 

given by E(PP|j) where £ is now the appropriate portfolio global optimality. 

design fraction vector in the sense discussed above. Let the 5,7 Implementation of Risk Direct Asset Allocation by the 

RTF be represented by the analytical regression g(A) e[0,l] 5S RDAA Module 

for A D ^A^A H with all needed derivatives and where The derivation of the RDAA method involves the direct 

g(A z> )=0 and g(A /f >»l. In practice, g(A) need only be locally solution of (23) without the constraint that j;eCML. In short 

analytical in the sense described above. Then we now totally bypass the CAPM and its related concepts of 

the efficient set and capital market line, and directly solve 



E{PP\£) = £g{A)h(A\£)dA ° 9) 



60 



-argmzxk{PP\£) (24 > 



where h(A|f) is the portfolio's p.d.f. on total assets. Real 

world (i.e. 'sane') RTFs are appropriately smooth allowing 65 with more complex and complete constructions of £ and 

us to closely approximate the function with a truncated o A . Nevertheless (22) remains seminal to all our efforts and 

Taylor series in the proximity of the mean A-/* giving is repeated here. 
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o A 2 (LAnhz T cov Sx-A^CQ. (29) 

£( pp \ /) = 8U*a(1)] ^~~^r^| * The expected portfolio appreciation will increase the 

expected assets to 



(30) 



Before proceeding it is important to note that (22) does ^ = Ar + A Jf fR . h + 

require the predicted distribution ho to have computable first J 
and second moments. This requires special care in the use of 
the more exotic predictive schemas such as offered by the 

recent Fractal Market Hypothesis and the Coherent Market ™ where siis the appreciation rate of the ith risky security 

Hypothesis [16] which in certain "investor sentiment" introduced in §2.2.1.1. We emphasize again that s ( - may be 

domains appeal to infinite variance distributions such as the computed from any analytical model or heuristic which is 

Pareto-Levy to predict security and market returns. Ulti- believed to appropriately predict future performance. The 

mately the validity of (22) holds; for if the investor cannot onl y requirement is that the choice of such predictions also 

select a future with an appropriately finite variance (whether 15 vie ld an appropriate formulation of an equally believable 

it be analytically computed or supplied as a believable cov s > me covariance matrix defined in (27). 

heuristic), then, perhaps, no such risky investment should be With the definition of the first two moments of the 

made. In practice, however, it all comes down to acting on predicted assets distribution we compute the expected value 

one's belief, and few investors truly believe that even of toe risk adjusted PP according to (22) using the formu- 

'infinite variance investments' will actually perform with 20 lations of o A and ^ given in (29) and (27) respectively. The 

unacceptable likelihoods of disaster awaiting them. optimal portfolio then is obtained from the pair 
5.7.1 The Simplest Case — Straight Investment of 

The investment fraction vector is now * nt , r t , 41 1 <P %{&)\ - v ( 3I ) 

E{PP\l,AtT) = g[MA(LArr)]+2-jjT-\ o-iCMir). 

HW*/l r (25) 25 

where the risky fractions f^=[JU,i J/? j2 > • • • fajrYtix^fx. 
*[0,1] 



Viand +/w = 1. 



subject to the investor's input of and the constraint 
given with (25). N+l parameters are thus derived from a 
We thus see that RDAA permits 'free selection' of the search over N-space. The amount optimal portfolio design 
risky fractions and the risk free fraction on a par level of 35 for the simplest case is then given by 
emphasis. If its definition should become useful, one could 

even conceive of a new efficient set for RDAA in the fi-a A f^at" (33) 

plane which set would be tangent to the R axis at R^ instead 

of impaling it along the CML. This solution set would be We P oint out that ( 31 ) have been e 3 uall y wel1 

efficient in the sense of providing optimal portfolio designs 40 expressed in terms of x such that 2x r A /r and the optimum 
as one or more input parameters are varied. So we could solutioQ X* derived from (32). (The latter form is 

have a family of RDAA efficient sets to represent the used m the MATLAB® program set forth in microfiche 
variation in ft^, a given ft-, a constraint on etc. Appendix A. 

To support the user interface designs discussed above for Finally, it is clear that this case also covers solutions for 
the investor, we will reformulate the covariance matrix of 45 portfolios containing only risky securities since we may set 
the risky securities. Let [p] be the correlation matrix corre- r «f t0 some lar S e negative value thereby guaranteeing that 
sponding to cov S given in (1) such that each element p (y no funds ™tt be lent at ^is rate. 

represents the correlation coefficient between securities i and 5.7.2 Investment with Combined Lending and Borrowing 
j defined as Suppose the investor may also borrow funds additional to 

50 Ayj- at some rate R^ that may or may not be equal to R^p., 
qi . (26) It is, of course, reasonable to assume that R^R^, although 

Pv - -^r. this is not a limitation for the RDAA solution we now 

develop. Frequently, especially in conjunction with other 
business transactions, there are times when an investor may 
then 55 have the opportunity to borrow some funds at R^<R RF . We 

further assume that the investor is willing to (or may) borrow 
covSHp].*oo (27) an amount A^SsdJM^rr where Ujjm ^ an additional 

where .* is the 'corresponding element' matrix multiplica- investor f PP U f d constraint such that 0-JW BXMf . We 
tion operator and p_ is the N-vector of standard deviations. ex P ress me n ^ lading-borrowing allocation amount 
Fractionally allocated rate covariance is again used to com- 
pute the total portfolio rate variance as 



60 vector as 

Zc e =A„{Uf 0 )U (34) 



Os 2 U>X r cov Sf (28) 



where is now the column N-vector of ' risky fractions'. 
If we now invest Ajj- according to the amount allocation 65 The resulting variance expression is then 
vector x. with components x^A^f^ i=l,N, then the cash 

variance of the resulting portfolio will be <V(LA/r)«5u/cov s^ta (35) 
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with the augmented decision (fraction) vector ^[JU^/af* 

f B f retaining the constraints given in §5.7.1. With lending £ B argma £ {P p\ £) < 43 > 

and borrowing the mean is now / 

( N \ (36) s 

/i.(i 1 A,)^ r + A,(l + /Jy/ )(J J ( + /A \-RBfBArr ^ apP^ 111 simplicity of the recurring optimization 

lw J problem statement in these developments may cause one to 

overlook the fact that the solution has become more non- 
A linear and complex in the decision variables £ as we have 

These values are used to compute ^PPllA^) in (31) and added ^ gKCS of fa^om and power to the model, 
incorporated into the optimum solution (in N+l space) for j^e amount optimal portfolio is obtained by calculating 
the N+2 variables tDe optimal total amount to invest from owned and borrowed 

funds 

£ = orgs max £(PP[ /, Arr ) (37) 

i A^-A^l+jV) (44) 

15 

which is allocated according to 

The resulting policy calls for a total invested amount of 
A/A^l+JV) made up of owned and borrowed funds to be &'-ArV(i+V)V, ^•-A r J/(i+/s*)f«r* (45) 

invested in the amounts 



20 



This aspect of the RDAA is the first time that any asset 
allocation method can unambiguously advise the investor 
iV-A/k*. x RF m -A i *f Rr * (38) that the short list sne has developed is not worthy of the 

. e , , . , . entire amount she is prepared to invest. If RDAA yields 

We note that A', is only partially optimized since at this f* <f then this message strongly recommends a review 
point the total invested amount is still influenced largely by and T ^ QQ Qf nQ{ ^ ^ short ^ CQntents b fa 

the investors selection of A^ This requirement will be 25 ^ a reconsideration of the underlying methodology used 
removed in the subsequent development. tQ ^ N 

We point out that the above optimal portfolio solution Before concluding this subsection we introduce a further 

demonstrates RDAA's inherent ability to solve the concur- capability of both RR/CAPM and RDAA that applies uni- 

rent lending and borrowing problem without imposing addi- f orauy t0 a u solution forms. This is the ability of the investor 

tional restrictions or constraints. Within such a favorable 30 tQ specify enforced diversification and/or minimums for all 

interest rate environment RDAA could discover an invest- elements of the decision vectorf such as may be imposed by 

ment policy wherein it may behoove the investor to simul- prudence, corporate policy, or governmental regulations on, 

taneously reject both counts of the adage "never a borrower saVj a mutual funds manager. The implementation of this 

or lender be". feature was shown in the user interface 701 of FIG. 7, with 

5.7.3 The Optimal Amount to Invest 35 the constraint brackets 707. Such sophisticated solutions are 

The preceding RDAA solutions robustly cull the N mem- obtained by directly supplying an additional set of constraint 

ber 'short list' when certain issues provide no benefits of vectors and Z v for the lower and upper bounds respec- 

diversification. However so far we have been forced to lively. The required constraints are then the by-element 

invest the entire amounts specified by A^ and A / no matter vector inequalities 
what the current risk free return R^ or the historical 40 

performance (e.g. reflected by ct, £, o, cov S) of the N L-^t^Xu (46) 

securities. Due to its direct approach to maximizing the ^ ^ mdQtsUn6in that the elemeats of botn constraint 

investor s uhhty-mapped PP, RDAA may also be configured yectors ^ s ^ ^ mtdnsic constraiflts 

to select the amount A^ to be invested subject to the investor defined aboye ^ e ^ of ^ al ithms to the 

supphed constraint that A^[0 J^A r ] where 0§JV^1 constraints ides m ad ditional set of feedback messages 

is termed the mvestment fraction of total net assets. tQ ^ then consisting of ^ how ^ inyested 

We begm by again augmenting the decision vector of amoimt A/ fc re d UC ed and/or which securities are rejected 

fractions so that now from the p 0rt foUo or both. 

50 5.7.4 The 'Complete' Solution 

MU^frfifaJ,] (39) We conclude this explication by studying how several 

important additional investor supplied parameters that char- 
is an N+3 vector requiring a search in N+2 space. The acterize 'real world' investments would be incorporated. As 
RDAA solution here is essentially a replication of the further expanded in §5.7.5, the inclusion of these parameters 
lending/borrowing model of §5.7.2 with /^substituted for 5S ^ mea nt to be 'complete' only within the scope of this 
A^. We list the relevant relationships without comment. presentation of RDAA and does not imply that RDAA (and 

RR/CAPM) capabilities are limited to the present embodi- 

jsrAr/rfi (40) ment. 

The RDAA (and RR/CAPM) methods and implementa- 

o A 2 C0=x,. r cov s* (41) 60 tions presented here may be augmented with an arbitrary 

number of additional inputs that adjust and tune the actual 

(42) portfolio costs to the investor. We complete this develop- 
ment by presenting the RDAA model which incorporates all 
of the above with the inclusion of the following added costs 

65 that are often experienced in practice. 

These are now used to compute £(PP|f) per (22) for r^ — N-vector of front load rates for each security that 

obtaining diminish the actual amounts invested (the inclusion of 



M/) = ArU 



-Rb/b/i] 
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a back load is a straightforward extension and is tor's expected total assets at the end of T, in terms of the 
demonstrated here through frzc OUT defined below); decision variables. 



Ma(H = At{1+ /id + /*)(! - r P fRP,i){\ - rpfoj) 



Yj - r w) + hr r *f + 



(54) 



rp [fupji 1 " - r P f RPw i ) - Srp.\\- SiSb Rb ( 1 - 0>/gp. 



(1 - rpf R p A )( 1 - rpfgpj) 



1 



x p — the portfolio advisor or management load rate The portfolio amount covariance is then 

imposed over the investment horizon; 
/^mfrac^fracQt/j.], a simplified application of r P to 15 <** 2 (£) s, x« r cov Sx« (55) 

approximate the usual quarterly portfolio advisor fees 

computed by charging the going in fraction, frac /JV , of The solution is again obtained by calculating E(PP[f) 
r F as front load and the coming out fraction, frac OUT , of ^ ( 22 ) and usin g il ™ the now famiIiar constrained 
r P as a back load at the end of the investment horizon. non-Linear programming problem 
The explicit limit fraction j^j^ where S^jjm is used 20 
to control the fraction of Aj that will be invested at the risk £ = arg max £(PP\£) (56) 

free rate R JU r. /JlPtlM is the (N+l)th element of fU in (46). 4^tv 
The portfolio advisor amount charged going in is 

a f a a f/i^m f (at\ The final portfolio design amounts can be computed from 

(47) to (55) by substituting the appropriate elements of the 
and the total front Load amount is computed as optimum allocation vector I*. 

5.7.5 Value at Risk and RDAA 

* A < 48 > We conclude by integrating the concept of Value at Risk 

A Ftt = (A, - Ap,^ /tpw = Arfdi + - /irnj 30 ^ a natural inequality constraint to the RDAA (and 

RR/CAPM) solution. VAR is one of the financial industry's 
latest attempts to bring together the investor's quantitative 
which yields the risked invested amounts vector components aversion to risk and the task of portfolio selection without 
of x^ as resorting to utility theory per se. Rather than serve as a 

35 substitute for monetary utility, VAR is seen in the sequel as 
x/o^fAz-A^jj^^-r/O^r/XW/OO^^ a natural augmentation to the incorporation of monetary 

utility as presented here. The motivation for this feature is 



-1,N (49) 



along with the risk free amount based 0D the °° 1 tion / or L Be l r x ns ! eia 1 ^ [ 22 1 " c J en i ral ide /' of risk 

as that variability (which) should be studied in reference to 

xap-Ar/Xi+ZaXi-^pO/ur ( 50 ) 40 some benchmark or some minimum rate of return that the 

investor has to exceed." 
The expected amount of portfolio appreciation at the end VAR is formally defined as 

°^ ^' * S the amount of money A^ such that a portfolio is 

N [5]) 45 expected to lose less than this amount over the invest- 

a rp = V x Ri s-, + xp F Rrf ment horizon wit b probability ? VAR . 

i=i It is clear that the prescription is readily accessible to the 

non- technical investor. Eliciting this pair of values will 
constrain the optimal f* to generating predicted portfolio 

? <m p.d.f.s that limit the probability of loss P, while still maxi- 

*J3b*b and portfolio management fee mjzing , he ^ compensated returrl of (22 ). p £ is deflne d 

A /A A s f with respect to an amount A' T which may be the net current 

assets A-p, or A T appreciated by placing the total invested 
We can now express the expected total assets at the end amount A' r at the risk free rate. Pi is then the probability that 
of T. to be 55 me investor's net total assets at the end of the investment 

horizon will be less than A' r - In terms of the portfolio's 
^(fMT-A^-A^+Aftp-Ap^, ( 53 ) predicted p.d.f. h( ), as defined over the amount axis (cf. 22), 

? L is the probability mass 'to the Left of the Appoint on the 
where we recall the vector of decision variables to be f-[ amount axis. 

inJnF>fB> fif 60 According to the definition of VAR, the required relation- 

with JjHJTU d RtZ , . . . fji A ] 7 3J ! j l ^€[0,l] ship between ? L and P VAR is then 



from which we must deduct the loan interest A„R B « 



Now substituting the above definitions gives the inves- 



Pvar£1-Pl(m*A't-Avar) (57) 
65 * 1 - 
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-continued 

fi -(A' T -A VAR ) 
yfla* 



Where erf and er/c are the direct and complimentary 
error functions. Or, expressed in terms of an inequality 
constraint in non-linear programming, it becomes 



2 ^\ j2a\ ) 



32 



loss amount. In addition, such a truncated p.d.f. has a higher 
mean and a reduced variance. The necessary modifications 
to p A and o A 2 are as follows: 

We now derive the portfolio mean and variance expres- 
sions corrected for the case when the maximum loss possible 
is limited to the sum of all invested risky amounts. The 
situation is depicted in FIG. 12. The original gaussian 
density for the portfolio is given by 



(58) 10 



yfhi er 



2cr* 



(59) 



= 0, 



The integral in (60) can be expressed in terms of the error 



2 n (61) 



The primary effect on the RDAA solution of including Where ft is the expected value of investor net assets and 

such a constraint is in its ability to set a maximum amount 15 a is its standard deviation. Suppose the maximum amount at 

to be invested in the risky portion of the portfolio. A more risk that can be lost is x R> then the original p.d.f. is truncated 

pronounced secondary effect may also be observed when the at x^ as shown in the figure. The truncated probability mass 

investor presents RDAA with a poor short list and/or is is redistributed to yield a new p.d.f. given by 
adamant about imposing inappropriately high minimum 

constraint fractions to risky securities. In this case the VAR 20 p{x) (60) 

constraint appeals to the only remaining 'policy levers' Pt(*. l - f^p{x)dx* **** 
available to it, namely the investment and borrowing frac- 
tions and f B , and will cause RDAA to unambiguously 
recommend a reduced total invested amount that yields the 

specified VAR. 25 ^ ^ ^ ^ 

A last benefit of including the VAR constraint involves - 

, . .... fnn f 4i i . ( ■ ti * function as 
expanding the ability of RDAA to tolerate marginally sane 

investor RTFs. This more sophisticated benefit comes into 

play when the investor — perhaps carelessly -inputs refer- erf (y) = ~== I i 

ence gamble points that yield unrealistically low Risk Com- 30 0 
pensation Coefficient values (i.e. one half times the second 

partial derivative in (22)) over a part of the amount axis— i.e. Using this with t= ( x _^)/ a in ( 62 ) gives us the piecewise 

the RTF's second derivative approaches zero as the risk defined truncated density ^ 
premium approaches a linear function of predicted net total 

assets. In this case the portfolio's volatility, o A , may be 35 p ^ [62) 

discounted too much by (22) if the optimum lies in this Prfa ** ) - — jt J xr -A\ 

region of predicted net total assets. Including the VAR 1 ~ 2[ 1+ a V2~o- J] 

constraint, however, causes RDAA to never overlook or 

discount this fundamental and overriding measure of risk. 2p ^ X - S . XR 

5.8 Summary 40 = l -erff*' 

In summary, the present invention provides an analyti- ^ V^V ) 

cally correct system and method of determining an optimal = o, x <x R 

allocation of an investor's investment assets among any set 
of investment securities. 

It should be clear from the above development that this 45 and its cumulative distribution 
presentation has not exhausted the complexity of the finan- 
cial models which may be embedded in the overall RDAA f* (63) 
framework. Some obvious and straightforward extensions T '** ~ J X r Pt *** 
include marginally taxed dividend yields for certain securi- J*-?} Jx R -A 
ties and the inclusion of the investor's current portfolio as so "wT^-J^VT^/ 
part of the N security short list presented to RDAA. With the 
latter would be included the appropriate capital gains and 
marginal tax rates along with the costs and current prices of 
the held securities. = °* x < Xft 

It is also possible to handle more complex formulations of 55 

the resulting portfolio's p.d.f. via a direct extension of the m , r , , , . 

risk compensated utility mapping of (22) such as may be M mdlcated in Me ? er t 20 ]' such a truncated gaussian has 
required for portfolios that include options and/or deriva- lts mcan and variaQCC g iv ™ by 
tives. A more conventional case that may occur in practice 

for risk tolerant investors is when high variance financial 60 p T= p + cr~^- ^ 

instruments are included which yield a portfolio variance 

containing a significant probability mass below the 'total ^ ? f \<p{z K )f $(zr)) ( 65 ) 

loss amount' or residual net assets or {i A -I>X R In such cases 
the probability of loss would be over stated in the situations 
where the maximum loss is restricted to the total amount of 65 

the risky investments. This is because the portfolio's where the normalized deviate z R =(x R -ti)/a with their respec- 
(usually gaussian) p.d.f. would then be truncated at the total live density and cumulative counterparts 



„2 -^{l [***>1* 
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1 r 7 * *t 

V2jt J -co 



(66) 
i&) 5 



■4*1 

Expressing the ratio in (64) and (65) as 



Afc») 



_ m*) IT 



■■<*) 



(68) 



15 



or in terms of the original portfolio mean variance 



-Ait) 



(69) 



25 



lets us write the desired corrected mean and variance for the 
truncated distribution as 

^H+vMj^Xr) (70) 



(71) 



which can be used to re-enter (22) in obtaining the RDAA 
optimum presented above. 35 

An additional output of interest to the investor is the 
probability of loss ? L as illustrated in FIG. 12. This same 
measure of the recommended portfolio is also usefull for 
calculating certain 'value at risk' problem formulations (cf. 
§5.7.4) and is obtained directly from (63) as 40 



<7h) 



(72) 



.VT< 

1 +e: 



45 



Finally, since RDAA yields the portfolio's p. d.f. mean and 
variance in monetary terms, it is possible to compute the 50 
total probability of losing money from the recommended 
investments. The accuracy of this estimated probability is 
based on the extent to which the portfolio's amount p. d.f. 
tends to the normal distribution [16]. Within this notion it is 
possible to conceive of extended RDAA solutions in which 55 
the investor adds further constraints to limit this loss prob- 
ability to a specified level, for example using Value at Risk 
metrics. In sum, the fundamental RDAA structure welcomes 
these kinds of embellishments and extensions. 
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I Claim: 

1. A computer implemented method of allocating invest- 
ment funds of an investor in a portfolio comprising a 
plurality of investments, comprising: 

determining a risk tolerance function for the investor 
specifying the investor's probability preference at each 
of a plurality of monetary amounts relative to a mon- 
etary range relevant to the investor; and 

allocating the investment funds among the investments to 
create an investment allocation by maximizing an 
expected value of a first probability density function of 
the investor's probability preferences determined as a 
function of a second probability density function of the 
portfolio's predicted market performance with respect 
to the investment funds and the investor's risk tolerance 
function. 
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2. The computer implemented method of claim 1, further 
comprising: 

determining an optimal fraction of the designated avail- 
able investment funds to invest in the portfolio. 

3. The computer implemented method of claim 1, further 5 
comprising: 

adjusting the allocation of the investment funds to each of 
the investments in the portfolio the front and back load 
rate of investment funds. 

4. The computer implemented method of claim 1, further 10 
comprising: 

adjusting the amount of the investment funds available for 
allocation to the portfolio by a portfolio management 
fee. 15 

5. The method of claim 1 wherein the range represents at 
one end an asset level subjective to the investor of 
contentment and at the other end an asset level A D subjective 
to the investor of despair. 

6. The method of claim 5 wherein the range encloses the 2Q 
investor's net current assets A r . 

7. The method of claim 6 wherein the investor's net 
current assets is an amount representing the investor's net 
worth. 

8. A computer implemented method of allocating invest- 25 
ment funds in a portfolio comprising a plurality of 
investments, comprising: 

determining a risk tolerance function for an investor 
specifying the investor's probability preference at each 
of a plurality of monetary investment amounts; and 30 

allocating the investment funds among the investments in 
the portfolio by maximizing an expected value of the 
investor's probability preferences through the inves- 
tor's risk tolerance function resulting from the prob- 
ability density function from allocation of the invest- 35 
ment funds. 

9. The method of claim 8 wherein the plurality of mon- 
etary investment amounts are within a range, the range 
represents at one end an asset level A H subjective to the 
investor of contentment and at the other end an asset level 40 
A D subjective to the investor of despair. 

10. TTie method of claim 9 wherein the range encloses the 
investor's net current assets A r . 

11. A computer readable medium storing thereon a soft- 
ware product for configuring and controlling a processor to 45 
determine an allocation of investment funds in a portfolio 
comprising a plurality of investments, the software product 
comprising: 

a risk tolerance capture module that interactively specifies 
an investor's probability preference at each of a plu- 50 
rality of monetary amounts; and 

a first allocation module that creates an investment allo- 
cation defining a plurality of monetary allocations of 
the investment funds for the plurality of investments in 
the portfolio by generating a plurality of investment 
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allocations and selecting the investment allocation that 
maximizes an expected value of a first probability 
density function of the investor's probability prefer- 
ences determined as a function of a second probability 
density function of the portfolio's predicted market 
performance with respect to the investment funds and 
the investor's risk tolerance function. 

12. The method of claim 11 wherein the plurality of 
monetary investment amounts are within a range, the range 
represents at one end an asset level A H subjective to the 
investor of contentment and at the other end an asset level 
A D subjective to the investor of despair. 

13. The method of claim 12 wherein the range encloses 
the investor's net current assets A r . 

14. A computer implemented method of allocating invest- 
ment funds in a portfolio comprising a plurality of 
investments, comprising: 

for one or more reference gamble presented to an investor, 
receiving a decision by the investor and determining a 
risk tolerance function for the investor specifying the 
investor's probability preference at each of a plurality 
of monetary investment amounts; 

providing a user interface for communication with one or 
more online investment systems; and 

determining an allocation of investment funds among a 
short list of investments by maximizing an expected 
value of the investor's probability preferences through 
the investor's risk tolerance function resulting from the 
probability density function from allocation of the 
investment funds. 

15. The method of claim 14 further comprising presenting 
the investor a user interface associated with a risk tolerance 
function module and receiving input from the investor 
responsive to a plurality of reference gambles presented the 
investor. 

16. The method of claim 15 wherein the plurality of 
monetary investment amounts are within a range, the range 
represents at one end an asset level subjective to the investor 
of contentment and at the other end of despair. 

17. The method of claim 16 wherein the range encloses 
the investor's net current assets A T . 

18. The method of claim 14 wherein the plurality of 
monetary investment amounts are within a range, the range 
represents at one end an asset level defined by the investor 
as representing monetary contentment and at the other end 
an amount defined by the investor as representing monetary 
despair. 

19. The method of claim 18 wherein the range encloses 
the investor's net current assets A T . 

20. The method of claim 19 wherein the investors net 
current assets is an amount representing the investor's net 
worth. 

* * * * * 
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